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3 U ovome  radu navedene su prvo zemnoalkalijske pa alkalijske kovine po redoslijedu zastupljenosti na Medvednici.





































































































































































Figure 1 Područje istraživanja s 
ucrtanim točkama kompozitnih 
uzoraka na mreži 1 × 1 km 
(crvene točkice, N = 181), te 
označenim otvorenim pedološkim 
profilima (žuti kvadratići, N = 28).
Figure 1 Research area with points 
of composite samples in a 1 × 1 km 
grid (red points, N = 18), and 
marked opened pedological profiles 
(yellow squares, N = 28).



































































Slika 2. Srednje vrijednosti (medijan) i raspon reakcije tla obzirom na 
različite litološke cjeline Medvednice
Figure 2 Median and range of soil pH values with regard to different litho-
logical units of Mt. Medvednica
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Tablica 1. Deskriptivna statistika za analizirane varijable pHH2O, pHCaCl2, Ca, Mg, K i Na unutar površinskog sloja tla po litološkim cjelinama.





































pH H2O 54 3,82 4,78 5,23 6,15 7,50 5,41 0,850 15,711 0,116 0,370
pH CaCl2 54 3,40 4,25 4,87 5,74 7,02 4,97 0,895 17,996 0,122 0,352
Ca g kg–1 54 0,30 0,70 2,50 4,90 39,80 4,56 6,887 150,990 0,937 3,352
Mg g kg–1 54 0,70 2,90 4,50 6,10 21,40 5,11 3,745 73,360 0,510 2,382
K g kg–1 54 0,40 0,70 0,80 0,90 1,80 0,81 0,262 32,407 0,036 1,342
Na g kg–1 54 0,01 0,02 0,03 0,04 0,09 0,03 0,015 47,542 0,002 1,246
LIT 2
pH H2O 28 3,95 4,41 5,02 5,54 6,82 5,06 0,762 15,049 0,144 0,686
pH CaCl2 28 3,43 3,94 4,55 5,04 6,65 4,59 0,822 17,914 0,155 1,020
Ca g kg–1 28 0,60 1,50 2,55 4,20 27,30 4,49 6,670 148,586 1,261 3,132
Mg g kg–1 28 0,60 5,65 7,50 9,65 15,80 7,98 3,685 46,182 0,696 0,251
K g kg–1 28 0,30 0,45 0,60 0,70 1,60 0,66 0,338 50,879 0,064 1,882
Na g kg–1 28 0,02 0,02 0,04 0,04 0,33 0,05 0,061 123,925 0,011 4,117
LIT 3
pH H2O 13 4,43 5,02 5,19 5,32 5,71 5,15 0,339 6,572 0,094 –0,452
pH CaCl2 13 3,86 4,52 4,59 4,75 5,20 4,60 0,322 7,012 0,089 –0,540
Ca g kg–1 13 0,50 3,20 4,40 8,90 13,00 5,72 3,917 68,444 1,086 0,460
Mg g kg–1 13 2,00 4,30 6,70 11,80 14,90 7,88 4,525 57,396 1,255 0,029
K g kg–1 13 0,20 0,40 0,70 0,70 0,90 0,60 0,216 36,004 0,060 –0,234
Na g kg–1 13 0,03 0,05 0,05 0,06 0,11 0,06 0,020 35,416 0,006 1,579
LIT 4
pH H2O 38 3,71 4,77 5,08 5,67 6,97 5,24 0,733 14,001 0,119 0,599
pH CaCl2 38 3,47 4,23 4,61 5,13 6,66 4,78 0,780 16,327 0,127 0,695
Ca g kg–1 38 0,40 1,20 2,35 4,20 19,90 3,13 3,410 108,995 0,553 3,533
Mg g kg–1 38 0,60 2,50 3,05 4,30 8,50 3,65 1,886 51,672 0,306 0,995
K g kg–1 38 0,50 0,70 1,00 1,40 2,80 1,13 0,532 47,093 0,086 1,237
Na g kg–1 38 0,02 0,03 0,04 0,06 0,12 0,05 0,030 59,276 0,005 1,328
LIT 5
pH H2O 18 4,12 4,67 4,89 5,11 5,44 4,87 0,384 7,877 0,090 –0,542
pH CaCl2 18 3,80 4,05 4,35 4,71 4,92 4,35 0,351 8,078 0,083 0,020
Ca g kg–1 18 0,20 0,40 0,80 1,50 4,40 1,25 1,221 97,643 0,288 1,609
Mg g kg–1 18 0,90 2,40 3,40 4,80 7,30 3,46 1,570 45,435 0,370 0,747
K g kg–1 18 0,40 0,50 0,60 0,60 1,50 0,61 0,244 40,240 0,057 3,138
Na g kg–1 18 0,02 0,03 0,03 0,05 0,07 0,04 0,014 38,569 0,003 0,951
LIT 6
pH H2O 10 5,17 6,13 6,77 7,38 7,67 6,68 0,814 12,182 0,257 –0,526
pH CaCl2 10 4,88 5,70 6,40 7,01 7,36 6,30 0,863 13,710 0,273 –0,298
Ca g kg–1 10 2,50 4,70 12,10 15,80 36,70 12,78 10,137 79,319 3,206 1,496
Mg g kg–1 10 4,20 5,00 5,75 9,00 20,30 7,81 4,842 61,992 1,531 2,256
K g kg–1 10 0,80 0,90 1,25 1,40 2,50 1,39 0,593 42,690 0,188 1,291
Na g kg–1 0,04 0,04 0,05 0,09 0,12 0,06 0,030 47,967 0,009 1,184
LIT 7
pH H2O 20 4,84 5,40 6,10 6,71 7,54 6,08 0,777 12,773 0,174 0,023
pH CaCl2 20 4,04 4,79 5,51 6,37 7,23 5,56 0,938 16,872 0,210 0,152
Ca g kg–1 20 0,30 2,70 6,00 9,70 39,70 7,98 8,720 109,289 1,950 2,727
Mg g kg–1 20 0,40 2,40 2,90 3,90 9,90 3,34 1,897 56,794 0,424 2,241
K g kg–1 20 0,40 0,95 1,15 1,65 2,40 1,30 0,553 42,500 0,124 0,483
Na g kg–1 20 0,01 0,02 0,03 0,04 0,06 0,03 0,012 39,337 0,003 0,141




































Slika 3. Regresijski model Ca s obzirom na pH. Jednadžbe regresijskog 
pravca su: 
Ca=e1,1152 · pHH2O-5,0965 (R2 = 0,66) i Ca = e1,0697 · pHCaCl2–4,3456 (R2 = 0,69). 
Rezultati regresijske analize pokazuju da je model dobar 
F(1,179) = 351,55 p < 0,001, odnosno F(1,179)=399,95 p<0,001. 
Koeficijenti regresijskog pravca su statistički značajni.
Figure 3 Regression model for Ca content with regard to pH value. Equa-
tions of a regression models are: 
Ca=e1,1152 · pHH2O-5,0965 (R2 = 0,66) and Ca = e1,0697 · pHCaCl2–4,3456 (R2 = 0,69). 
The results of regression analysis show that the model is good 
F(1,179) = 351,55 p < 0,001, or F(1,179)=399,95 p<0,001. The regres-
sion direction coefficients are statistically significant.
Slika 4. Srednje vrijednosti (medijan) i raspon koncentracija Ca i Mg 
obzirom na različite litološke cjeline Medvednice
Figure 4 Median and range of Ca and Mg concentrations with regard to 
different lithological units of Mt. Medvednica
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Slika 5. Srednje vrijednosti (medijan) i raspon koncentracija K i Na obzi-
rom na različite litološke cjeline Medvednice
Figure 5 Median and range of K and Na concentrations with regard to dif-
ferent lithological units of Mt. Medvednica
Slika 6. Prostorna raspodjela pHH2O 
na području PP Medvednica. Sličan 
trend pokazuju i koncentracije Ca i 
Mg.
Figure 6 Spatial distribution of pHH2O 
in the area of Medvednica Nature Park. 
A similar trend is also exhibited by Ca 
and Mg concentrations.









Tablica 2. Deskriptivna statistika analiziranih varijabli unutar humusnoakumulativnog i mineralnog horizontal po pedološkim profilima.





































Horizont do cm 28 1 2 3 4 14 4 2,941 75,202 0,556 1,705
Debljina horizonta cm 28 1 2 3 4 14 4 2,941 75,202 0,556 1,705
pHH2O 28 3,49 4,67 5,14 5,53 7,32 5,16 0,940 18,232 0,178 0,389
pHCaCl2 28 3,11 4,17 4,60 5,03 6,97 4,67 0,983 21,027 0,186 0,530
Org C g kg–1 28 18,9 72,4 86,6 110,0 218,5 98,6 45,942 46,591 8,682 1,310
N tot g kg–1 28 1,1 5,1 6,1 7,1 11,6 6,2 2,327 37,390 0,440 0,122
C/N 28 10 12 16 18 79 18 12,501 71,434 2,363 4,669
2,0–0,20 mm % 27 0,4 6,3 12,5 23,7 40,5 14,4 11,161 77,317 2,148 0,814
0,20–0,063 mm % 27 1,3 4,3 6,7 8,4 18,3 6,5 3,567 54,630 0,686 1,119
0,063–0,020 mm % 27 7,8 15,5 20,2 23,4 29,1 18,8 5,675 30,127 1,092 -0,368
0,020–0,002 mm % 27 20,4 27,0 31,9 41,1 60,6 34,4 8,645 25,099 1,664 0,980
<0,002 mm % 27 10,0 22,2 25,4 27,4 45,2 25,8 7,184 27,893 1,383 0,976
kvarc % 25 2,0 10,0 14,0 20,0 27,0 14,4 7,303 50,578 1,461 0,042
muskovit/illit % 24 19,0 26,0 29,0 31,5 40,0 29,3 4,815 16,416 0,983 0,296
klorit % 25 15,0 19,0 21,0 23,0 27,0 21,3 3,078 14,439 0,616 0,175
feldspat % 25 16,0 28,0 30,0 31,0 43,0 29,8 4,509 15,132 0,902 -0,222
Ca g kg–1 28 0,40 1,60 2,75 5,75 33,40 5,51 7,099 128,742 1,342 2,682
Mg g kg–1 28 1,30 3,00 3,95 5,90 18,70 4,95 3,589 72,504 0,678 2,509
K g kg–1 28 0,60 0,75 0,90 1,25 2,50 1,08 0,505 47,000 0,095 1,453
Na g kg–1 28 0,01 0,03 0,04 0,06 0,09 0,04 0,022 50,982 0,004 0,610
M horizont
Horizont  od cm 28 1 2 4 6 28 6 6,830 122,198 1,291 2,612
Horizont do cm 28 16 25 35 51 85 39 17,698 45,651 3,345 1,126
Debljina horizonta cm 28 14 23 31 37 72 33,18 14,754 44,469 2,788 1,269
pHH2O 28 4,23 4,67 5,02 6,20 7,68 5,44 1,038 19,094 0,196 0,835
pHCaCl2 28 3,81 4,05 4,21 5,12 7,23 4,70 0,957 20,369 0,181 1,443
Org C g kg–1 28 0,0 2,4 8,0 20,2 65,3 13,71 14,838 108,244 2,804 1,806
N tot g kg–1 28 0,1 0,6 1,2 2,3 6,4 1,65 1,504 91,077 0,284 1,505
C/N 28 0 4 8 13 36 9,34 8,230 88,076 1,555 1,467
2,0–0,20 mm % 27 0,2 8,4 12,9 16,9 42,5 14,96 11,088 74,121 2,134 1,025
0,20–0,063 mm % 27 1,5 4,9 7,2 9,5 21,1 7,38 4,063 55,080 0,782 1,438
0,063–0,020 mm % 27 7,9 14,2 18,4 25,5 30,7 19,31 6,451 33,406 1,241 -0,021
0,020–0,002 mm % 27 11,8 27,6 34,3 41,8 47,3 33,66 8,907 26,466 1,714 -0,464
<0,002 mm % 27 9,5 19,9 24,3 28,8 47,1 24,70 9,354 37,874 1,800 1,005
kvarc % 25 3,0 9,0 15,0 18,0 32,0 14,60 7,500 51,370 1,500 0,557
muskovit/illit % 24 16,0 27,0 29,5 34,5 43,0 30,42 5,733 18,847 1,170 -0,171
klorit % 25 16,0 19,0 21,0 22,0 26,0 20,84 2,996 14,374 0,599 0,168
feldspat % 25 20,0 27,0 28,0 31,0 38,0 28,80 3,742 12,992 0,748 0,165
Ca g kg–1 28 0,20 0,40 1,10 2,55 78,40 4,87 14,678 301,528 2,774 5,001
Mg g kg–1 28 1,00 3,80 5,35 7,40 37,10 6,86 6,858 99,954 1,296 3,584
K g kg–1 28 0,30 0,55 0,70 0,95 2,10 0,84 0,469 55,824 0,089 1,564
Na g kg-1 28 0,01 0,03 0,04 0,05 0,14 0,05 0,036 76,149 0,007 1,619
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Tablica 3. Deskriptivna statistika za analizirane varijable pHH2O, pHCaCl2, Corg., Ca, Mg, K i Na na različitim litološkim podlogama u bukovo-
jelovim sastojinama.






































visina m 8 575 648 723 820 863 728 104,483 14,358 36,940 -0,218
pHH2O 8 3,92 4,58 4,86 5,20 6,40 4,949 0,716 14,475 0,253 0,978
pHCaCl2 8 3,50 4,08 4,33 4,78 5,95 4,475 0,730 16,306 0,258 1,085
Org C g kg–1 8 58,7 73,3 90,1 139,9 145,7 101,4 35,805 35,323 12,659 0,273
Ca g kg–1 8 0,30 0,75 1,70 3,00 11,60 2,850 3,698 129,764 1,308 2,367
Mg g kg–1 8 0,70 1,35 4,25 5,70 10,00 4,163 3,132 75,250 1,107 0,724
K g kg–1 8 0,40 0,50 0,65 0,85 1,40 0,725 0,333 45,895 0,118 1,322
Na g kg–1 8 0,01 0,02 0,03 0,03 0,05 0,026 0,013 50,493 0,005 0,477
LIT2
Nadmorska 
visina m 8 732 803 847 939 981 861 85,668 9,946 30,288 0,080
pHH2O 8 3,96 4,27 4,44 4,76 4,95 4,480 0,343 7,653 0,121 0,112
pHCaCl2 8 3,46 3,82 3,91 4,19 4,46 3,969 0,314 7,922 0,111 0,160
Org C g kg–1 8 75,1 93,1 101,0 169,0 279,3 135,1 70,560 52,245 24,947 1,557
Ca g kg–1 8 0,60 1,20 1,75 2,00 2,90 1,675 0,703 41,943 0,248 0,191
Mg g kg–1 8 0,60 4,80 6,60 8,40 13,30 6,688 3,791 56,690 1,340 0,224
K g kg–1 8 0,40 0,40 0,50 0,60 0,80 0,525 0,139 26,452 0,049 1,120
Na g kg–1 8 0,02 0,03 0,03 0,04 0,07 0,036 0,015 41,543 0,005 1,856
LIT3
Nadmorska 
visina m 10 364 387 459 564 702 491 121,843 24,809 38,530 0,968
pHH2O 10 4,82 5,11 5,24 5,36 5,71 5,261 0,261 4,953 0,082 0,212
pHCaCl2 10 4,39 4,57 4,68 4,84 5,20 4,710 0,225 4,777 0,071 0,985
Org C g kg–1 10 48,3 64,0 95,4 106,4 368,0 112,3 92,843 82,707 29,360 2,791
Ca g kg–1 10 1,50 4,20 6,70 9,70 13,00 6,910 3,642 52,709 1,152 0,194
Mg g kg–1 10 2,00 6,00 10,45 12,60 14,90 8,990 4,526 50,349 1,431 -0,529
K g kg–1 10 0,20 0,40 0,70 0,80 0,90 0,620 0,235 37,864 0,074 -0,492
Na g kg–1 10 0,04 0,05 0,06 0,06 0,11 0,060 0,021 35,136 0,007 1,690
LIT4
Nadmorska 
visina m 11 304 414 605 680 798 562 160,349 28,516 48,347 -0,342
pHH2O 11 4,55 4,57 5,03 5,44 6,78 5,154 0,676 13,122 0,204 1,569
pHCaCl2 11 4,02 4,07 4,47 5,04 6,38 4,642 0,725 15,613 0,219 1,599
Org C g kg–1 11 40,9 66,5 70,4 91,4 150,9 79,4 27,803 35,033 8,383 1,730
Ca g kg–1 11 0,60 1,20 2,90 4,40 6,80 2,827 1,905 67,390 0,574 0,901
Mg g kg–1 11 0,90 2,80 5,10 7,20 8,50 4,845 2,447 50,505 0,738 -0,089
K g kg–1 11 0,50 0,60 0,70 0,90 1,90 0,809 0,404 49,886 0,122 2,295
Na g kg–1 11 0,03 0,03 0,03 0,05 0,06 0,038 0,013 32,750 0,004 1,162



































































































4 International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on Forests.








































































































































































































and so was  the content of  the elements Ca, Mg, K, and Na after extraction with aqua regia  (HRN ISO 
11466:2004). Determination of particle size distribution in mineral soil material (HRN ISO 11277:2004), de-
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termination of soil pH ( HRN ISO 10390:2005), determination of organic carbon and total nitrogen after dry 
combustion (HRN ISO 10694:2004; HRN ISO 13878:2004), mineral content of the soil (XRD) by X-ray dif-
fraction method and content of the elements Ca, Mg, K and Na after extraction with aqua regia (HRN ISO 
11466:2004) were determined in the samples taken from genetic horizons in the pedological profiles.
For statistical purposes, the lithological bedrock was divided into seven characteristic lithological units, which 
were used by geologists Halamić et al. (2001) in their study of stream sediments on Medvednica. Lithological 
unit LIT1 is made up of parametamorphic rocks, Lithological unit LIT2 is composed of orthometamorphic 
rocks, Lithological unit LIT3 consists of igneous rocks, Lithological unit LIT4 is formed of Mesozoic clastic 
rocks, Lithological unit LIT5 is comprised of Tertiary clastic rocks, Lithological unit LIT6 consists of Meso-
zoic carbonate rocks and Lithological unit LIT7 is made up of Tertiary carbonate rocks.
Statistical analysis was performed in Statistica 7 software package. Descriptive statistics was made for all the 
analyzed variables: number of samples, minimum, lower quartile, median, upper quartile, maximum, mean, 
standard deviation, coefficient of variation, standard error of mean and skewness. In order to eliminate the 
effect of outliers and extreme values, the median was taken as the mean value. Mutual differences between the 
analyzed values per lithological bedrock were tested using the Kruskal-Wallis non-parametric test. Type 1 (a) 
error of 5% was considered statistically significant.
The highest pH value was recorded for the topsoil layer in LIT6 and LIT7. LIT6 has statistically significantly 
higher pH value than LIT1, LIT2, LIT3, LIT4 and LIT5, while LIT7 has statistically significantly higher pH 
value than LIT2, LIT4 and LIT5. Statistically significant positive correlation between pH values and Ca con-
centrations were found in all lithological units. Statistically significant positive correlation between pH values 
and Mg was also established for LIT1 and LIT5, and between pH values and K for LIT2 and LIT4. In terms of 
Mg concentration, two groups were clearly identified: one consisting of LIT4, LIT5 and LIT7 with lower con-
centration, and the other comprising LIT2, LIT3 and LIT6 with higher concentration, while LIT1 is between 
the two groups.
The following soil types were determined in the opened pedological profiles: dystric cambisol, eutric cambisol, 
calcocambisol, pseudogley on slope, colluvium and luvisol (50% – 18% – 14% – 11% – 4% – 4%). In general, 
the humus-accumulative horizon on Mt Medvednica is shallow – the median is 3.3 cm, and the mean is 3.9 
cm. The next horizon, which is usually cambic, is 31 cm and 33 dm thick. The range of organic C content in 
the humus accumulative horizon ranges from medium humic to very humic soil. The soil is rich to very rich 
in total nitrogen, and the C/N ratio is favourable. The soil texture is most frequently silty loam, while on the 
carbonate bedrock it is of somewhat heavier – silty clay loam. The content of individual minerals, and of Ca, 
Mg, K and Na in the humus-accumulative and mineral horizon is more or less equal, while the correlation 
between the horizons is statistically significant (p<0,01). For quartz it is r = 0.81, muscovite/illite r = 0,68, chlo-
rite r = 0,76, feldspate r = 0,69, Ca r = 0,85, Mg r = 0,88, K r = 0,82 and Na r = 0,52. The highest pH values and 
Ca, Mg, K and Na concentrations in beech-fir forests were recorded in the surface soil layer at a depth of 5 cm 
in LIT3. A statistically significant difference in Ca concentration was found between LIT3 and LIT2 and in Na 
concentration between LIT3 and LIT1.
The obtained Ca and Mg concentrations in the topsoil of Medvednica Nature Park are in accordance with the 
values recorded in Central Croatia by Halamić and Milko during their work on the Geochemical Atlas of the 
Republic of Croatia (2009). The data for all the obtained elements concord with the results obtained from a study 
of the condition of forest soils in Europe (Vanmechelen et al., 1997). The relief (elevation, inclination, exposition, 
curvature) do not affect the spatial distribution of Ca, Mg and Na in the topsoil to a depth of 5 cm. Although 
there is a statistically significant correlation between elevation and Mg concentration, and slope and Mg concen-
tration, this correlation is actually conditioned by the lithological bedrock. Beech-fir stands developed on the 
soils above basic igneous rocks are characterized by a higher Ca, Mg, K and Na content, and consequently higher 
pH values. As a result, a higher number of neutrophilic species can be expected in these forests.
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